Alcohol is one of the most commonly abused substances worldwide. It results in a wide range of diseases and disorders affecting many organ systems. Alcoholrelated nutritional deficiencies and electrolyte disturbance leave chronic abusers at risk of a range of demyelinating conditions to which the radiologist and clinician should always be alert. These include Wernicke's encephalopathy, Korsakoff's syndrome, Marchiafava-Bignami disease and osmotic demyelination. Cerebral volume loss is also a commonly encountered neuroimaging phenomenon in chronic alcohol abusers. Neuroimaging with CT and MR, with a focus on FLAIR and diffusion-weighted MR sequences, play an important role in the diagnosis and often monitoring of these conditions. We present an educational review of these entities in terms of their clinical features, neuropathology and imaging features along with a case example of each condition.
Introduction
Chronic alcoholism can lead to nutritional and electrolyte deficiencies which can cause a range of conditions from Wernicke's encephalopathy (WE) to Korsakoff's syndrome (KS) and from Marchiafava-Bignami disease to osmotic demyelination.
Cerebral volume loss is also a commonly encountered neuroimaging phenomenon in chronic alcohol abusers. Here is a series of cases with imaging findings typical for these conditions and a brief review of the literature pertaining to each phenomenon.
Wernicke's encephalopathy and Korsakoff's syndrome
A common sequelae of chronic alcohol abuse is nutritional deficiencies, most notably thiamine (B1) deficiency. The state of self-neglect and poor diet, which may accompany alcoholism or persistent vomiting, may lead to a deficiency of thiamine. Alcohol is also thought to compromise efficient absorption of thiamine from the GI tract. 1 Thiamine deficiency can lead to Wernicke's encephalopathy, a clinical syndrome classically characterised by confusion, ataxia, ophthalmoplegia and nystagmus. This syndrome can be reversed if treated emergently. More recently bariatric surgery has become a significant risk factor for development of thiamine deficiency with resultant Wernicke's encephalopathy cases well described in the literature. 2, 3 The incidence of Wernicke's encephalopathy is up to 12.5% in the setting of alcohol abuse, the commonest cause for the syndrome in the developed world, 1 and the Royal College of Physicians advises that patients admitted to the emergency department who show evidence of chronic alcohol abuse and are suspected of having nutritional deficiencies should be treated with intravenous B vitamins without delay.
The clinical syndrome and the MR findings can be seen to quickly resolve if reversed effectively with repletion of Vitamin B stores. 5, 6 If not promptly reversed, WE can progress to KS which is an often irreversible neurologic condition characterised by anterograde amnesia. Anterograde amnesia may be severe and accompanied by confabulation (the generation of unintentionally fabricated memories) to avoid the emotional disturbance of amnesia. The rate of progression of untreated Wernicke's encephalopathy to the Korsakoff's syndrome is as high as 80%. 1 Prevention is the key to management of this condition as parenteral and enteral vitamin supplementation is widely available, easy to administer and safe. On a macroscopic level, the mammillary bodies and tissue around the third and fourth ventricles can appear shrunken and discoloured with a dilated ventricular system. Initially oedema and later atrophy of the cells also occur on microscopic level. 7 Computed tomography is typically non-contributory in the diagnosis of either condition. MR should be used to support the diagnosis of acute WE in patients both with and without alcoholism. 8 MRI findings in acute Wernicke's relate to oedema of the affected tissue and include T2-weighted and FLAIR signal hyperintensity in the grey matter of the periventricular region, mammillary bodies, thalamus and the superior and inferior colliculi (Fig. 1a-c) . In the acute phase there may be restricted diffusion or enhancement with gadolinium.
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MR spectroscopy findings may include decreased or normal N-Acetyl-Aspartate (NAA) with increased lactate. 9 Although bearing different appearances in terms of lesion distribution, a rare but reported imaging differential diagnosis is demyelinating disorders in the spectrum of neuromyelitis optica. Therefore, measurement of Aquaporin 4 antibodies should be considered if no obvious cause for Thiamine deficiency is present. 10 Leigh's syndrome, a severe mitochondrial disorder, has similar imaging appearances but often progresses to death in early childhood.
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Magnetic resonance findings in KS include T2-weighted and FLAIR hyperintensities within the periventricular areas, the anterior nucleus of the thalamus, the mammillary bodies and posterior midbrain and the peri-aqueductal grey matter. Contrast enhancement of the mammillary bodies and colliculi is highly specific for WE (Fig. 1d) . 4, 12, 13 Imaging features of both WE and KS are similar, except that damage to the anterior nucleus of the thalamus appears more severe in KS. 4, 14 Amnesia is thought not to be due to a discreet lesion in isolation, but rather disruption of neuronal pathways in the diencephalic-hippocampal structures.
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Marchiafava-Bignami disease
Marchiafava-Bignami disease is a rare disorder characterised by demyelination and later necrosis of the corpus callosum secondary to toxins or nutritional deficiencies. Thiamine deficiency is the major nutritional deficiency, although cases are often related to deficiency of all eight B Vitamins. MBD should be considered in any case of sudden encephalopathy syndrome in alcoholic patients. 6 Ninety per cent of cases are alcohol related, with the syndrome appearing more commonly in men than women. There is an acute and subacute, as well as chronic form of the condition. 6, 15 The commonest presenting features of acute MBD in order of frequency include altered mental state, gait abnormalities, loss of consciousness and impaired speech. Seizures may also be a feature. The genu and splenium of the corpus callosum are more commonly involved in the acute form. 6, 15 However, a chronic form of MBD may preferentially involve the body of the corpus callosum and can present as a progressive dementia and disconnection syndrome. 16 Treatment is centred on prompt replacement of depleted vitamin stores, namely parenteral thiamine. Outcomes are variable with timely treatment favouring recovery. Monitoring of disease progression with MRI including diffusion-weighted sequences is recommended. 15, 17 The corpus callosum is a large, C-shaped white matter commissure, which connects the cerebral hemispheres, allowing exchange of sensory, motor and cognitive signals. 15 Osmotic fluid shifts in the setting of alcohol are thought to be contributory to MDB causing oedema, demyelination and necrosis of the corpus callosum.
Histology shows central cystic degeneration of the corpus callosum with sparing of the peripheries, 18 and the mechanism of cell damage is felt to be similar to osmotic demyelination (discussed below), and MDB is thought to be a variant of extra-pontine myelinolysis. 6 The volume of the corpus callosum has shown to be reduced in alcoholics, especially those with vitamin deficiencies, and diffusion tensor imaging (DTI) suggests disruption of its microstructure. 4 Imaging features are that of oedema, demyelination and later necrosis of the corpus callosum with formation of cystic cavities. Lesions may occasionally occur elsewhere, such as the periventricular white matter or even the basal ganglia.
Computed tomography may show hypoattenuation of the corpus callosum, whereas MRI features include T1-weighted hypointensity, T2-weighted and FLAIR hyperintensity (Fig. 2a) within the corpus callosum. Lesions often display restricted diffusion (Fig. 2c) in the acute phase and may display peripheral contrast enhancement (Fig. 2b) . 17, [19] [20] [21] Imaging differential diagnoses include other corpus callosum lesions such as infarction, lymphoma, demyelination and shearing injuries with diffuse axonal injury in the setting of trauma.
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Osmotic demyelination
Osmotic demyelination occurs due to rapid osmotic fluid shifts, usually in the setting of over or rapid correction of hyponatraemia. It is strongly associated with alcoholism and malnourishment.
The traditional name for the syndrome 'Central Pontine Myelinolysis' comes from the classic imaging feature of demyelination within the central pons, sparing the periphery. The occasional involvement of extra-pontine structures makes osmotic demyelination a more accurate term. 6 The majority of lesions occur in the pons. Up to one-third have both pontine and extra-pontine lesions, and 6% solely extra-pontine lesions which could potentially be called as extra-pontine myelinolysis. 23 Extra-pontine myelinolysis (EPM) may occur with or without changes in the pons, favouring the cerebellum, basal ganglia and insular cortex. The lesions are often markedly symmetrical in EPM. EPM and central pontine myelinolysis (CPM) share the same pathology but differ in imaging appearance (in terms of location) and occasionally in clinical manifestations. 24 Typical presentation is a deterioration in level of consciousness and mental status, 48-72 hours after a correction of hyponatraemia that exceeds 12 mmol/L/ day. 25, 26 Signs and symptoms include seizures, encephalopathy, paresis and dysarthria. 27 EPM has also been linked to movement disorders such as dystonia, catatonia and Parkinsonism. 24 Outcomes are variable with approximately one-third recovering completely, one-third leaving hospital with significant deficits but maintaining self-sufficiency and a third of cases resulting in death or significant disability. 6 Prevention is key with cautious correction of hyponatraemia and immediate supplementation of suspected vitamin deficiency in patients with chronic alcohol misuse. 28 Neuropathological findings include non-inflammatory loss of myelin with preservation of axons occurs in susceptible areas in response to cerebral fluid shifts. This is in contrast to demyelinating conditions such as multiple sclerosis in which there is an inflammatory component. 28 Computed tomography is relatively insensitive, with low attenuation within the central pons being often obscured by beam hardening artefact in the posterior fossa. 28 Magnetic resonance imaging with diffusion-weighted imaging is the most sensitive imaging modality for diagnosis, the earliest finding being restricted diffusion within the central pons (Fig. 3a) , or in extra-pontine structures with striking symmetry. T2 and FLAIR hyperintensity often becomes apparent 7-10 days later (Fig. 3b,c) . Enhancement is not a typical feature. Diffusion restriction usually significantly improves within the first week. 23, 28 Alcohol-related cerebral volume loss Alcohol has been repeatedly shown in both animal and human studies to cause cerebral volume loss and functional cognitive deficits. Even in adolescents who consume large amounts of alcohol in a binge-type pattern, there is evidence for volume loss in areas such as the rostrum of the corpus callosum and cerebellum. 29, 30 Chronic abusers of alcohol have been shown to exhibit difficulty in planning and poor memory as well as disruption and inflexibility of thought processes. 30 Abstinence from alcohol has been seen to cause neuronal regeneration and often partial reversal of clinical effects and is the mainstay of management. [31] [32] [33] The mechanism for neuronal damage, especially a binge-type pattern of drinking has been suggested to be due to the induction of pro-inflammatory cytokines and oxidative enzymes that result in neuronal death. 31 As a consequence, Wallerian degeneration and a reduction in white matter volume occur. 4 Computed tomography and MRI studies of chronic alcohol abusers demonstrate diffuse loss of both grey and white matter affecting the frontal lobes, limbic system and cerebellum compared to controls (Fig. 4) with sparing of the corticospinal tracts. These changes appear more marked in women. 4, [33] [34] [35] DTI has been used to show damage to the microstructure of nerves in alcohol abusers.
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Conclusion
Alcohol is one of the most commonly abused substances worldwide and results in a wide range of diseases in the body. CNS effects of excessive alcohol intake are mainly a consequence of nutritional deficiencies and electrolyte disturbances which can be diagnosed on neuroimaging studies. Radiologists and clinicians should be aware of the salient clinical and imaging features so that prompt diagnosis and management can be made to avoid or minimise long-term disability and death.
